Folate and methionine play an important role in cell metabolism. Folate derivatives are required for purine and pyrimidine synthesis and amino acid interconversions. Methionine is involved in the transfer reaction of the methyl group to various acceptors after being converted to its active form, S-adenosyl-L -methionine (SAM) (1) . The majority of naturally occurring folates, when ingested, is converted to 5-methyl-tetrahydrofolate (CH3-THF) upon absorption through the intestinal epithelia and is stored in the liver (2) . CH3-THF is converted to tetrahy drofolate (THF) by the cobalamin-dependent methionine synthetase [EC 2.1.1.13] reaction before entering the cellular pool of active folates. Through this reaction, the methyl group of CH3-THF is transferred to homocysteine, generating me thionine and THF ( Fig. 1) (3) . Cobalamin deficiency leads to disturbed metabolism of both folate and methionine. In this regard these three are closely interrelated in the cell metabolism, although the precise mechanism has been a matter of conjecture (3). We recently observed that in bone marrow cells from patients with megaloblastic anemia due to cobalamin deficiency, in vitro addition of methionine significantly improved the deranged DNA synthesis that is characteristic of this condition (4) . In order to elucidate this point further, we investigated the effects of folate and methionine deprivation on the cell growth and DNA synthesis of L1210 mouse leukemia cells in culture. washed once by centrifugation with 5ml of ice-cold Hanks' balanced salt solution.
To each cell pellet was added 3ml of ice-cold 5% trichloroacetic acid (TCA). Two small drops of 1% bovine serum albumin (Sigma) were added as carrier and the. tubes were left in ice for 20min. Acid-insoluble material was obtained by washing three times with ice-cold 5% TCA. Radioactivity was measured using a NCS solubilizer (Amersham) and a toluene scintillation system using a liquid scintillation spectrometer (Aloka LSC-700). The results were expressed as percentages of the respective controls without unlabeled UdR or various additives. The radioactive compounds were purchased from New England Nuclear Co. (6, 7) . These features are so characteristic that these tests are frequently used as a laboratory diagnostic aid for such conditions (5-7). We have recently demonstrated that bone marrow cells from human subjects with megaloblastic anemia due to vitamin B12 deficiency showed significant improvement both in UdR suppression and UdR incorporation upon the in vitro addition of limited concentrations of methionine (4). Since it is known that folate addition results in similar improvement, methionine may be considered to exert a folate-like action under such circumstances. These observations also appear to suggest that the blood cells of human megaloblastic anemia may suffer from a relative deficiency of methionine at the cellular level. This prompted us to investigate the metabolic interrelations between folate and methionine by utilizing the L1210 cells in culture as an experimental model. L1210 cells that were cultivated in media with low folate concentrations developed metabolic abnormalities characteristically found in human megaloblastic bone marrow cells, i.e., elevated values of the UdR suppression test and improve ment of UdR incorporation by folate addition. Such abnormalities became evident even when the medium was supplemented with sufficient methionine. Thus the cells were thought to have become folate deficient. It is unlikely that these cells were rendered cobalamin-deficient, since it has been shown that a small amount of cobalamin present in FCS is sufficient for the growth of L1210 cells (8) . Simple omission of cobalamin from medium did not result in cobalamin deficiency, while pretreatment of whole medium with N2O produced such condition, as has been reported elsewhere (9) .
RESULTS

Cell growth
Under the culture conditions employed, the growth of L1210 cells was more heavily dependent on methionine than on folate (Fig. 2) . Replacement of me thionine with homocysteine, cobalamin and CH3-THF is not sufficient to support the optimal growth of many cultured cell lines, particularly those derived from malignant tumors (10) (11) (12) . The latter three are factors involved in the cellular synthesis of methionine (Fig. 1) . Furthermore, cells grown under methionine deficient conditions showed characteristic features which are essentially identical to those demonstrated by folate-deficient cells. This was substantiated by the improved UdR incorporation upon addition of several forms of folate (Fig. 4B ). These observations clearly point to the close metabolic interrelations between folate and methionine. Thus, methionine deprivation appeared to increase the cellular folate requirement and to aggravate marginal folate deficiency to a state of overt deficiency. In this regard, methionine was thought to behave like a folate under the experimental conditions employed in this study. Conversely, it has been reported by others that the abnormal metabolism seen in folate-deficient animals, such as an elevated urinary excretion of formiminoglutamic acid, is significantly corrected by simple methionine supplementation (13) (14) (15) In this study, prolonged methionine deficiency not accompanied by coexisting folate deficiency resulted in severely depressed UdR incorporation. However, the UdR incorporation recovered quickly and markedly upon the addition of me thionine, but the improvement was much less striking with the addition of folate. This suggests that methionine deficiency itself brings about serious metabolic derangement leading to decreased DNA synthesis which cannot be replaced by folates. These findings are in agreement with reports that described the deleterious effects of amino acid deprivation on DNA and RNA syntheses of cultured cells (20) (21) (22) 
